Effect of postpartum time interval upon quantitative and qualitative uterine specific protein secretory patterns was determined during a postpartum estrous cycle in three groups of non-mated sows. In experiment 1, 13 sows were allotted to an early postpartum (EPP) group and 12 sows were allotted to a late postpartum (LPP) group. Litters were removed from sows within 48 hr postpartum. On day 15 of the first estrous cycle postpartum for EPPsows and on day 15 of the second or third estrous cycle postpartum for LPP-sows, uterine protein secretions and a uterine section (for histological examination) were obtained by surgical methods. In experiment 2, eight sows allotted to an additional early postpartum, (EPP) group received 1,500 IU of pregnant mare serum gonadotropin (PMSG) on the day of farrowing. Uterine protein secretions were collected on day 15 of the first estrous cycle postpartum. Progesterone was measured in this group of sows by radioimmunoassay on plasma samples obtained on days 4, 8, 11, 15 and 17 to assess corpora lutea (CL) function.
quantitative and qualitative uterine specific protein secretory patterns was determined during a postpartum estrous cycle in three groups of non-mated sows. In experiment 1, 13 sows were allotted to an early postpartum (EPP) group and 12 sows were allotted to a late postpartum (LPP) group. Litters were removed from sows within 48 hr postpartum. On day 15 of the first estrous cycle postpartum for EPPsows and on day 15 of the second or third estrous cycle postpartum for LPP-sows, uterine protein secretions and a uterine section (for histological examination) were obtained by surgical methods. In experiment 2, eight sows allotted to an additional early postpartum, (EPP) group received 1,500 IU of pregnant mare serum gonadotropin (PMSG) on the day of farrowing. Uterine protein secretions were collected on day 15 of the first estrous cycle postpartum. Progesterone was measured in this group of sows by radioimmunoassay on plasma samples obtained on days 4, 8, 11, 15 and 17 to assess corpora lutea (CL) function.
Total uterine protein per CL, percentages of uterine serum-like protein, total uterine specific protein and uterine specific acidic protein were significantly affected by the postpartum time interval. Additionally affected were the quantities of both total uterine specific protein and uterine specific acidic protein. Uterine specific basic protein was not affected by time postpartum. Percentages and quantities of uterine specific protein in each of the EPP-sow groups ~Approved for publication as Journal Article No. 155-77 of the Ohio Agricultural Research and Development Center, Wooster 44691.
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(experiment 1 and 2) were lower (P<.01) than in the LPP-sow group. Furthermore, percentages and quantities of uterine specific acidic protein in each of the EPP-sow groups were lower (P<.01) than in the LPP-sow group. Polyacrylamide slab gel electrophoresis revealed that sows in all groups produced the basic purple protein and the complete profile of the low molecular weight acidic proteins on day 15.
Plasma progesterone concentrations for sows in experiment 2 indicated normal CL function. Histological data revealed a difference only in uterine luminal surface epithelial cell height occurring between the sow groups in experiment 1. (Key Words: Postpartum Sows, Uterine Specific Protein.)
INTRODUCTION
The necessity to increase efficiency of swine production has stimulated interest in early weaning in order that sows may promptly be rebred and that feed efficiency can be improved by feeding young pigs directly, rather than indirectly through the sow. As methods for successfully weaning pigs at younger ages improve, the ability of the sow to become pregnant sufficiently early during the postpartum period may become a limiting factor in increasing overall efficiency. When sows are bred within 10 days postpartum, fertilization rate of ova is high (Baker et al., 1953; Rampacek, 1974; Svajgret al., 1974) ; however, pregnancy rate at 25 to 28 days after breeding (Rampacek, 1974; Svajgr et al., 1974) or at term (Walker and Eddie, 1974 ) is low. The reason for the low pregnancy rate is unknown.
Histological studies have been conducted during various postpartum time intervals in sows. Palmer et al. (1965) observed that involution of the uterus and repair of the endometrial lining continued until 21 days postpartum. In a later study, Svajgr et al. (1974) indicated that the endometrium was regenerated and struca Department of Animal Science.
turally repaired between 13 to 17 days post-1730 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 6, 1978 partum. Aside from postpartum uterine tissue weight loss (Graves et al., 1967) and histological observations (Palmer et al., 1965; Svajgr et al., 1974) , the investigation of other uterine parameters such as protein secretory activity in the postpartum sow have not been reported.
Although the uterus appears to be structurally repaired by 2 to 3 weeks postpartum, it was reasoned that the measurement of uterine protein secretory activity around this time period may more accurately reflect degree of functional repair. Murray et al. (1972) and Squire et al. (1972) reported that in addition to the prescnce of serum-like proteins throughout the estrous cycle, uterine specific secretory proteins are present from days 9 through 16 of the cycle. The uterine specific proteins consist of a basic purple protein and a group of low molecular weight acidic proteins. In addition to the purple protein, the basic component also contains lysozyme (Roberts et al., 1976) . The uterine specific secretory proteins are present in maximum concentration on day 15.
A study was conducted to investigate the effect of time postpartum upon uterine protein secretory activity on day 15 of an estrous cycle in groups of non-mated sows following litter removal at 48 hr postpartum. Quantitative and qualitative measurements of both the uterine specific basic and acidic protein were determined.
EXPERIMENTAL PROCEDURE
Thirty-three crossbred sows (Hampshire • Duroc-Yorkshire) of similar age (approximately 13 months) and weight were utilized from January through December, 1976. Twenty-five sows were used for experiment 1 and eight sows for experiment 2. Experiment 1. Sows were allotted to one of two treatment groups: (1) Early Postpartum (EPP), which consisted of 13 sows or (2) Late Postpartum (LPP), which consisted of 12 sows. Sows had been bred to fertile boars by natural service and allowed to farrow. Litter size was recorded. Between 36 and 48 hr postpartum, litters were removed and the sows moved to a confined lot to be checked for estrus twice daily with mature boars until the time of laparotomy so that sows exhibiting short estrous cycles could be eliminated from uterine protein collection during that cycle. Day of onset of estrus was designated as day 0. Sows were fed a corn-soybean meal diet containing 12% crude protein and adequate minerals and vitamins at the daily rate of 1.81 kg per sow.
Sows in the EPP group were laparotomized under methoxyflurane anesthesia on day 15 of the first postpartum estrous cycle, whereas sows in the LPP group underwent similar surgery procedures on day 15 of the second or third postpartum estrous cycle, depending on the time interval from farrowing to first estrus. If this interval was longer than 20 days, the sows in the LPP group were laparotomized during the second postpartum cycle. If less, the sows underwent surgery during the third cycle. Following laparotomy, three sows in the EPP group were placed in the LPP group and laparotomized the subsequent cycle to collect uterine secretions. This was done with a few sows in order to test for differences in uterine protein concentrations between the early and late postpartum phases. This procedure was not performed for the remaining sows in the EPP group due to removal of a uterine section at the time of surgery. Day 15 was selected as the time for uterine protein collection because this is the approximate time maximum quantity of the uterine specific proteins are present (Squire et al., 1972) . During surgery, number of corpora lutea (CL) were recorded to assess ovulation rate. Each uterine horn of these sows was infused with 20 ml of phosphate-buffered saline (PBS; pH 7.4, .01M phosphate, .15M NaCI) according to the procedure of Murray et al. (1972) . Fluid from both horns was collected, combined and later measured in a graduated cylinder to determine recovery rate. Following fluid collection, a cross-section of the left uterine horn of all LPP-sows and all but three of the EPP-sows was obtained approximately 25 cm anterior to the bifurcation. All tissue samples were preserved in Bouin's fixative and prepared for histological examination.
The recovered uterine fluids were centrifuged at 13,000 • g for 20 min and the supernatant was concentrated to approximately 1.0 ml by vacuum dialysis. The total protein content of each sample was determined by the method of Lowry et al. (1951) . The total protein value was corrected to a recovery rate of 100%.
Gel filtration and polyacrylamide gel electrophoresis was used in combination to determine quantities of uterine specific proteins in the uterine flushings. Aliquots of each sample were chromatographed on Ultrogel ACA 34 (LKB Instruments) and the amounts of uterine spe-cific and serum-like proteins were determined as described previously . This established proportions of serumlike proteins (i.e. macroglobulins through albumin) and uterine specific protein (both acidic and basic small proteins specific to uterine flushings) in the flushings. The quantity (mg) of each of these fractions was then computed by multiplying proportions by quantity of total protein in the flushings.
Polyacrylamide gel electrophoresis as described by Murray and Grifo (1976) was employed to determine quantities of acidic and basic proteins in the uterine specific protein fraction. An aliquot (250 /~g) of each unfractionated uterine flushing was used and after electrophoresis the gels were stained with 1% Amido Black in 10% glacial acetic acid. After destaining in 10% glacial acetic acid the gels were scanned twice with a recording densitometer (E-C Corporation). The profiles generated (absorbance at 604 nm vs gel length) were photocopied to produce two copies of each original. The copies were cut along the pen tracing and baseline. The profiles were cut between albumin and the slowest of the four uterine specific acidic proteins. Each portion was weighed with an analytic balance (Mettler). A ratio of recorder paper weight to actual quantity of protein was established by the following equation: R = weight of recorder paper representing serum-like protein (mg)/ total quantity of serum-like protein determined by gel filtration (mg). Using this ratio, R, quantity of uterine specific acidic protein (mg pAP) was obtained: mg pAP = weight of recorder paper representing uterine specific acidic protein (mg)/R. The quantity of uterine specific basic protein, pBP, was determined with the equation below: mg pBP = Total protein (mg) in flushing-(mg serum-like protein + mg pAP). The percentage of pAP and pBP within each uterine fushing sample was determined with the following equation: % = pAP or pBP (mg)/total protein (mg) in flushing x 100.
It should be noted that the measurements described above do not separate some of the components of the acidic protein fraction from the serum-like protein since at least two protein bands in this fraction are masked by serum protein in the slow/3 globulin region (Squire et al., 1972) , nor does it separate lysozyme from the purple basic uterine protein (Roberts et al., 1976) . Nevertheless, while there are undoubtedly errors in this method, the errors are systematic and therefore should not prejudice the comparison of the relative amounts of the designated fractions between treatment groups.
In the study of uterine histology, the excised uterine tissue was fixed in Bouin's fixative, and after embedding and sectioning, the sections were stained with hematoxylin-eosin. Measurements of uterine wall thickness, myometrial and endometrial thickness, glandular diamcter and cellular height, number of glands per field and uterine luminal surface epithelial cell height were taken from slides using a light microscope ocular micrometer.
Experiment 2. Eight sows were allotted to an additional early postpartum (EPP) group to test for duration of CL function, utilizing plasma progesterone concentrations as an index, during the first postpartum estrous cycle in which uterine proteins were collected and to determine the effect of increased CL numbers on uterine protein secretions. The breeding procedure and diet were as described for sows in experiment 1. On the day of farrowing, however, a 1,500 international unit (IU) injection of pregnant mare serum gonadotropin (PMSG) was injected intra-muscularly to increase ovulation rate and to hasten and syncrhonize onset of estrus. Litter removal, estrus checks and the collection of uterine protein during the first estrous cyclc postpartum were similar to procedures outlined for r EPP-sows in experiment 1. Gel filtration, gel electrophoresis and densitometric scanning were also similar to procedures utilized in experiment 1.
A 10 cc blood sample (vena cava puncture) was obtained on days 4, 8, 11, 15 and 17 of the first estrous cycle postpartum. Blood was centrifuged and the plasma removed, frozcn and subsequently analyzed for progesterone by a radioimmunoassay procedure previously described . The development, chemical characterization and specificity of the antibody s used in the assay has been described elsewhere (Niswender, 1973) .
Least squares analysis of variance as outlined by Harvey (1960) was used to analyze for the effect of postpartum time interval upon the protein parameters for sows in both EPP groups and the one LPP group. The Newman-Keul's test (Steel and Torrie, 1960) and the t-distribution (Snedecor and Cochran, 1967) were used to test for differences among treatment means.
RESULTS
Experiments 1 and 2. The combined farrowing average for all sows in both experiments was 9.6 live pigs. There was no difference in number of pigs farrowed among any of the treatment groups. Time interval from farrowing to the first postpartum estrus for EPP and LPP-sows in experiment 1 was 15.6 + 2.0 (mean-+ SEM) days. Mean time interval from farrowing to laparotomy for EPP and LPP-sows was 27.2 and 60.7 days, respectively (table 1). Laparotomy revealed that all sows had ovulated with sows in the EPP group exhibiting a greater (P<.05) ovulation rate than sows in the LPP group. Sows receiving PMSG in the second experiment exhibited estrus 8.3 -+ 1.2 days postpartum. Time interval from farrowing to laparotomy was 23.3 days. All sows had ovulated after PMSG with the ovulation rate being greater (table 1) than that observed for sows in experiment 1. No cystic ovarian follicles were present in any of these sows. Corpora lutea for sows in all three groups appeared morphologically normal at the time of laparotomy.
Least squares analysis of variance for both EPP groups and the LPP-sow group revealed that total uterine protein/CL, percentages of uterine serum-like protein, total uterine specific protein and uterine specific acidic protein were significantly affected by the postpartum time interval. Additionally affected were quantities of both uterine specific protein and uterine specific acidic protein. The uterine specific basic protein was not affected by the postpartum time interval. Uterine protein data for sows in both experiments are presented in table 1. No difference was observed in quantities of total uterine protein and uterine serum-like protein among the sow groups. The LPP-sows had a greater (P~01) mean quantity of total uterine protein/CL, less (P<.01)percentage of serum-like protein, and a greater (P<.01) percentage and quantity of uterine specific protein as compared to sows in the other groups.
All uterine fluid samples observed by polyacrylamide slab gel electrophoresis revealed that sows in the three postpartum groups possessed the uterine specific basic purple protein (pBP) and the complete profile of the low molecular weight uterine specific acidic proteins (pAP) on day 15 of the respective estrous cycle. Repre- bMeasurements obtained at the time of laparotomy on day 15.
CData for sows in this group were analyzed and compared with data for sows in experiment 1.
d'e'fMeans with no superscript letter in common in each row differ significantly (P<.05) from means of other sow groups.
g'hMeans with no superscript letter in common in each row differ significantly (P<.01) from means of other sow groups. sentative gel e l e c t r o p h o r e t o g r a m s showing the basic protein a n d acidic protein p a t t e r n s for selected sows in each p o s t p a r t u m group in e x p e r i m e n t 1 are presented in figures 1 and 2, respectively. E l e c t r o p h o r e t o g r a m s for sows in the EPP group in e x p e r i m e n t 2 were comparable to those e l e c t r o p h o r e t o g r a m s for EPP-sows in the first e x p e r i m e n t . Four bands of varying stained intensities comprising the pAP p a t t e r n for each sow could be observed in the gels following destaining. One or 2 of the p A P bands in several samples, especially in the EPP-groups, were t o o faint to be clearly visible in the p h o t o g r a p h i c r e p r o d u c t i o n in figure 2 ; nevertheless, all four bands were present in all samples. Following gel filtration, samples of u n f r a c t i o n a t e d uterine protein secretions from two sows in the EPP group in e x p e r i m e n t 1 were of insufficient q u a n t i t y for electrophoretic evaluation. Q u a n t i t a t i o n of the uterine basic proteins and the group of acidic proteins (table 2) following densitometric scanning revealed t h a t sows in the LPP group in c o m p a r i s o n to 
Experiment 1 bThis fraction contained the uterine purple basic protein (pBP) as well as lysozyme.
Clnsuffieient sample quantity following gel filtration prevented the quantitation of the uterine specific acidic and basic proteins for two sows in this group. d'eMeans with different superscript letters in each column differ significantly (P<.01) from means of other sow groups. Plasma progesterone was measured on specific days of the cycle in the EPP-sows in experiment 2 as an index of CL function during the early postpartum interval. The progesterone concentrations for the eight sows are presented in table 3. The highest mean concentration of progesterone occurred on day 11 (26.7 ng/ml) with levels declining considerably from days 15 through 17 (15.6 and 3.3 ng/ml, respectively). On day 15, six of eight sows had plasma progesterone levels above 9.8 ng/ml, but by day 17, only three sows had progesterone levels above a baseline level (.75 ng/ml).
There were no differences related to postpartum time interval for sows in experiment 1 in uterine wall thickness, myometrial and endometrial thickness, number of glands per field, glandular diameter and cellular height (table 4) . However, the uterine luminal surface epithelial cell height was greater (P<.05) for sows in the LPP group. Pseudostratified columnar epithelial cells of the luminal surface were present in tissue samples from sows in both postpartum groups. aA uterine section was not removed from each of three sows in this group because they were again laparotomized in the subsequent cycle to collect uterine secretions.
b'CMeans with no superscript letter in common in the same row differ significantly (P<.05).
Discussion
Mean number of days from farrowing to estrus for non-PMSG treated sows in the EPP and LPP groups was similar to the 10 to 14 days reported by Baker et al. (1953) , Peters et al. (1969) and Svajgr et al. (1974) but shorter than the interval observed by Rampacek (1974) .
The histological data from the EPP and LPP-sows in experiment 1 indicated that no differences in uterine gland diameter and cellular height existed between the groups. Svajgr et al. (1974) indicated that these two measurements reflect the degree of endometrial repair following parturition. By this standard, the endometrium of the EPP-sows in this study would be considered structurally repaired. Repaired uterine luminal surface epithelium, consisting of pseudostratified columnar cells was observed in sections taken from both groups of sows, however, the mean cell height was greater (P<.05) in the LPP sows. In contrast, Svajgr et al. (1974) and Palmer et al. (1965) indicated that the uterine luminal epithelium achieved maximum height between 13 to 17 days and at 21 days, respectively, following parturition. The histological data, with the exception of data pertaining to uterine gland diameter and uterine luminal epithelial cell height, generally agree with these previous histological reports on the uterus of the postpartum sow. Differences in gland diameters (94.2 to 96.5 ~u) and height of luminal epithelial cells (14 to 18 ~t) in this study as compared to gland diameters (458 to 490 ~) and height of epithelial cells (27 to 28 /1) reported by Svajgr et al. (1974) may be related to either physiological stage of the cycle in which tissues were collected, the sectioning technique or both.
The question to be answered in this study was whether or not functionally appearing and regenerated sow endometrium in the 3 to 4 wk postpartum period was capable of eliciting normal protein secretory patterns as found in intact adult swine Squire et al., 1972) . The uterine protein secretion data for sows in this study clearly demonstrated that sows in the late postpartum group exhibited a greater (P<.01) percentage and quantity of the uterine specific acidic proteins than sows in either of the early postpartum groups. Therefore, these data indicate that the uterus is not completely functional by 3 to 4 weeks postpartum. The possibility that the smaller percentage and quantity of the uterine specific acidic proteins in the EPP-sows was due to abnormal estrous cycle length and/or CL function during the early postpartum period sccms unlikely because in no instance did any of these sows have a reoccurring estrus before surgery and the plasma progesterone levels for EPPsows in experiment 2 coincide with previous reports (Tillson et al., 1970; Henricks et al., 1972 ) with respect to time of peak plasma concentrations (days 11 to 12 of the cycle) and time of rapid decline to near baseline concentrations (from days 15 to 17). In these EPPsows, the ratio of plasma progesterone to number of CL measured on days 11 and 15 (1.3 and .8, respectively) are somewhat comparable to the ratio observed on day 14 (1.1) for superovulatcd-mated gilts (Webel et al., 1975) . Furthermore, uterine basic protein, consisting of the purple protein and lysozyme (Roberts et al., 1977) . short cycle length or inadequate CL function cannot account for the small quantity of uterine specific acidic proteins produced by the EPP-sows. Chen et al. (1975) utilized a fluorescent antibody technique to evaluate the site of synthesis and movement of the uterine specific basic purple protein. The results indicated that the basic purple protein is synthesized and secreted by uterine luminal and glandular epithelial cells of the pig during the estrous cycle and during pregnancy. Although the site(s) of synthesis of the uterine specific acidic proteins has not been reported, it seems likely that these proteins would also be affiliated with the glandular and luminal surface epithelial cells of the uterus. If so, possibly the reason for smaller percentage and quantity of the uterine specific acidic proteins in the EPP-sows is related to the smaller height of the uterine luminal surface epithelial cells.
A possible immunological protective role of the uterine specific acidic proteins has recently been suggested by Murray et al. (1977) . In that "in vitro" study, the uterine specific acidic proteins suppressed pig lymphocyte response to phytohemagglutinin (mitogen) stimulation, whereas basic protein, uterine serum-like proteins and porcine serum exerted no suppressive effect. The possible significance of this observation to the porcine pregnancy "in vivo" and the possible relevance to the low rate of conception that occurs in the early-bred postpartum sow remains to be determined.
